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A. Supplemental Materials and Methods 
 
TectoRNA synthesis 
The sequence of the RNA monomer is as follows; 5’-GGGAAAGCGAUUUACUC-(N6-N8)-
UAGUUCCGGG-(GNRA)-CUUGGUUCUA-(N6-N9)-GGGUAGGUCGUUUUUCUCU-3’, where N6-
N8 and N6-N9 indicate the receptor region. See Table S1 for a complete list of receptors tested. In 
addition to the 8 GNRA tetraloops (GAAA, GGAA, GUAA, GCAA, GAGA, GGGA, GUGA, GCGA) 
(Table S2), the loop regions were also replaced by the Archaea L39 loop (5’-GGUAAGC-3’) or the E. 
coli L39 loop (5’-GGAUAAGC-3’). DNA templates, antisense and primer sequences were acquired 
from Integrated DNA Technologies (IDT).  PCR amplification of the desired sequence, which included 
a T7 promoter sequence, was used to generate the tectoRNA DNA template for in vitro run-off 
transcription. PCR reactions were covered with mineral oil and a hot start using Taq polymerase at 94°C 
initiated the reaction.  The thermocycler was programmed for 25 cycles (94°C for 75 seconds, 56°C for 
75 seconds, 72°C for 75 seconds). PCR reactions contained 30 ul 5X PCR buffer (50 mM Tris pH 8.9, 
250 mM KCl, 2.5% NP40, 5 mg/ml gelatin), 2mM MgCl2, 0.5 mM of each dNTP, 150 pmol of each 
primer and 0.3 pmol template. Purification of PCR reactions was performed with QiaQuick PCR 
purification kit (Qiagen).  Run-off T7 transcription was performed on each of the purified PCR reactions 
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as described (1-3). The resulting RNA samples were purified on denaturing 8% polyacrylamide gel 
(PAGE).  After purification the RNA concentrations were calculated with UV spectrophotometry at 260 
nm. 
 
Chemical probing with dimethylsulfate (DMS) 
The S8_tail tectoRNA (2 µM), with an elongated 20 nucleotides 5’ tail for primer extension (Table 
S2B), was assembled with (dimer) or without (monomer) GUAA probe (dimer contains equimolar 
amounts of GUAA tetraloop and receptor) using a DMS assembly buffer (50 mM HEPES, 100 mM 
KCl, 15 mM Mg(OAc)2 final) at 18°C.  Following the incubation, the samples were directly treated to a 
solution of DMS diluted in 100% EtOH (30 mM or 60 mM final) and reacted at (18°C)  for 4 min 
(monomer) or 8 min (dimer). 2 µL of DMS quench buffer (2.8 M NaOAc, 1 M β-mercaptoethanol) and 
200 µL of cold 100% EtOH was added upon completion of reaction and samples were cooled at –80°C 
for 15 min and precipitated at 4°C, rinsed twice with 90% EtOH, and dried under vacuum.  Samples 
were resuspended in water and subjected to primer extension using Superscript III RT and a radiolabeled 
primer complementary to 3’ end of S8_tail (GCATCATAGCATCCACATCG).  Each reaction contained 
approximately 0.5 pmol of RNA and 1.0 pmol of 5’ labeled radioactive DNA primer (~150k cpm), at 
which point, the samples were heated at 90°C and 7 µL of reverse transcription mix was added (~50 nM 
RNA, ~100 nM primer, 1.25 mM dNTP, 5mM DDT, 1X first strand buffer, 30 units final of Superscript 
III reverse transcriptase (Invitrogen)). Reverse transcription was performed at 55°C for ~30 min as 
recommended by the manufacturer. Sequencing reactions were performed in a similar fashion in the 
presence of 0.313 mM (40%) of the appropriate ddNTP. Following primer extension, RNA was 
degraded by treatment with 2 N NaOH, heated at 95°C for 3 min and neutralized with 2 N HCl.  3.75 µL 
of 3 M NaOAc and 200 µL of cold 100% EtOH were added to the samples for precipitation. Samples 
were then resuspended in urea blue buffer (8 M urea, 0.05% bromophenol blue, 0.05% xylene cyanol) 
and the radioactivity was equilibrated using a Geiger counter.  Samples were heated at 90°C for 3 min 
and were finally loaded on a 0.35 mm denaturing 8M urea, 1X TTE, 8% polyacrylamide gel and 
migrated at 80 W for 1.5 hrs. Upon completion of gel migration, the gel was rinsed with 10% EtOH 10% 
HOAc solution, dried under heat and vacuum, and exposed overnight on a phosphorimager screen for 
visualization on a Typhon phosphorimager. DMS experiments were conducted in duplicate.  
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B. Supplemental Tables 
 
Table S1: TectoRNA receptor sequences. Each construct design was checked for its ability to fold into 
the predicted 2D structure using the rnafold (Vienna package) and unafold program (4). Nucleotides in 
red are those involved in the receptor.  
 
Molecules RNA Sequence (5' to 3') 
2D ((((((((((((((((((..((((((((..(((((....)))))..)))))).)))))))))))))))))))).. 
H89A GGGAAAGCGAUUUACUCGGCUUGCUUAGUUCCGGGGAAACUUGGUUCUAAGUCGUCGGGUAGGUCGUUUUUCUCU 
H89B GGGAAAGCGAUUUACUCUGUUUGGCUAGUUCCGGGGAAACUUGGUUCUAGCUGAUAGGGUAGGUCGUUUUUCUCU 
H89A1 GGGAAAGCGAUUUACUCGGCUUGGGUAGUUCCGGGGAAACUUGGUUCUACCUCGUCGGGUAGGUCGUUUUUCUCU 
H89A2 GGGAAAGCGAUUUACUCGGCUUGGGUAGUUCCGGGGAAACUUGGUUCUACCCCGUCGGGUAGGUCGUUUUUCUCU 
H89B1 GGGAAAGCGAUUUACUCUGUUUGGGUAGUUCCGGGGAAACUUGGUUCUACCUGAUAGGGUAGGUCGUUUUUCUCU 
H89B2 GGGAAAGCGAUUUACUCUGUUUGGGUAGUUCCGGGGAAACUUGGUUCUACCCGAUAGGGUAGGUCGUUUUUCUCU 
S8a1 GGGAAAGCGAUUUACUCCUACUGGGUAGUUCCGGGGAAACUUGGUUCUACCCAAGGGGGUAGGUCGUUUUUCUCU 
S8a2 GGGAAAGCGAUUUACUCCUACUGGGUAGUUCCGGGGAAACUUGGUUCUACCUAAGGGGGUAGGUCGUUUUUCUCU 
S8Tta GGGAAAGCGAUUUACUCCUACGGGGUAGUUCCGGGGAAACUUGGUUCUACCCGCGGGGGUAGGUCGUUUUUCUCU 
P12a1 GGGAAAGCGAUUUACUCCAGCGGGGUAGUUCCGGGGAAACUUGGUUCUACCUGCGGGGGUAGGUCGUUUUUCUCU 
P12a2 GGGAAAGCGAUUUACUCCAGCGGGGUAGUUCCGGGGAAACUUGGUUCUACCCGCGGGGGUAGGUCGUUUUUCUCU 
2D ((((((((((((((((((.((((((((..(((((....)))))..))))))..)))))))))))))))))))).. 
B7.8 GGGAAAGCGAUUUACUCUAAGGCCUAGUUCCGGGGAAACUUGGUUCUAGGCUACUGGGGUAGGUCGUUUUUCUCU 
S8 GGGAAAGCGAUUUACUCUAAGGGGUAGUUCCGGGGAAACUUGGUUCUACCCUACUGGGGUAGGUCGUUUUUCUCU 
S8.2 GGGAAAGCGAUUUACUCUAAGGGGUAGUUCCGGGGAAACUUGGUUCUACCCCACUGGGGUAGGUCGUUUUUCUCU 
S8.3 GGGAAAGCGAUUUACUCUAAGCGGUAGUUCCGGGGAAACUUGGUUCUACCCUACUGGGGUAGGUCGUUUUUCUCU 
S8.4 GGGAAAGCGAUUUACUCUAACGGGUAGUUCCGGGGAAACUUGGUUCUACCCCAGUGGGGUAGGUCGUUUUUCUCU 
S8.5 GGGAAAGCGAUUUACUCUAACGGGUAGUUCCGGGGAAACUUGGUUCUACCCUAGUGGGGUAGGUCGUUUUUCUCU 
S8.7 GGGAAAGCGAUUUACUCAAACGGGUAGUUCCGGGGAAACUUGGUUCUACCCUAGUUGGGUAGGUCGUUUUUCUCU 
S8.8 GGGAAAGCGAUUUACUCAACGGGGUAGUUCCGGGGAAACUUGGUUCUACCCUACGUGGGUAGGUCGUUUUUCUCU 
S8.9 GGGAAAGCGAUUUACUCAAAGGGGUAGUUCCGGGGAAACUUGGUUCUACCCUACUUGGGUAGGUCGUUUUUCUCU 
S8.11 GGGAAAGCGAUUUACUCUAAGGGGUAGUUCCGGGGAAACUUGGUUCUACCUUACUGGGGUAGGUCGUUUUUCUCU 
S8.12 GGGAAAGCGAUUUACUCUAAGGGGUAGUUCCGGGGAAACUUGGUUCUACCCUGCUGGGGUAGGUCGUUUUUCUCU 
S8.13 GGGAAAGCGAUUUACUCUAAGGGGUAGUUCCGGGGAAACUUGGUUCUACCCGUCUGGGGUAGGUCGUUUUUCUCU 
S8.14 GGGAAAGCGAUUUACUCUAAGGGGUAGUUCCGGGGAAACUUGGUUCUACCCAACUGGGGUAGGUCGUUUUUCUCU 
S8.15 GGGAAAGCGAUUUACUCUAAGGGGUAGUUCCGGGGAAACUUGGUUCUACCCACCUGGGGUAGGUCGUUUUUCUCU 
S8.16 GGGAAAGCGAUUUACUCUAAGGGGUAGUUCCGGGGAAACUUGGUUCUACCCUCCUGGGGUAGGUCGUUUUUCUCU 
S8.17 GGGAAAGCGAUUUACUCUAAGGGGUAGUUCCGGGGAAACUUGGUUCUACCCAUCUGGGGUAGGUCGUUUUUCUCU 
S8.18 GGGAAAGCGAUUUACUCUAAGGGGUAGUUCCGGGGAAACUUGGUUCUACCCAGCUGGGGUAGGUCGUUUUUCUCU 
S8.19 GGGAAAGCGAUUUACUCU-AGGGGUAGUUCCGGGGAAACUUGGUUCUACCCUACUGGGGUAGGUCGUUUUUCUCU 
S8.20 GGGAAAGCGAUUUACUCUAAGGGGUAGUUCCGGGGAAACUUGGUUCUACCC--CUGGGGUAGGUCGUUUUUCUCU 
S8.21 GGGAAAGCGAUUUACUCUAAGGGGUAGUUCCGGGGAAACUUGGUUCUACCUCACUGGGGUAGGUCGUUUUUCUCU 
S8.22 GGGAAAGCGAUUUACUCUAAGGGGUAGUUCCGGGGAAACUUGGUUCUACCUAACUGGGGUAGGUCGUUUUUCUCU 
S8.24 GGGAAAGCGAUUUACUCUAAG-GGUAGUUCCGGGGAAACUUGGUUCUACC-UACUGGGGUAGGUCGUUUUUCUCU 
S8.25 GGGAAAGCGAUUUACUCUAAGGGGUAGUUCCGGGGAAACUUGGUUCUACCUACCUGGGGUAGGUCGUUUUUCUCU 
S8.26 GGGAAAGCGAUUUACUCU-AGGGGUAGUUCCGGGGAAACUUGGUUCUACCUUACUGGGGUAGGUCGUUUUUCUCU 
S8.27 GGGAAAGCGAUUUACUCU-AGGGGUAGUUCCGGGGAAACUUGGUUCUACCCCACUGGGGUAGGUCGUUUUUCUCU 
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S8.28 GGGAAAGCGAUUUACUCU-AGGGGUAGUUCCGGGGAAACUUGGUUCUACCUCACUGGGGUAGGUCGUUUUUCUCU 
H.GYaA GGGAAAGCGAUUUACUCU-AGGGGUAGUUCCGGGGAAACUUGGUUCUACCC--CUGGGGUAGGUCGUUUUUCUCU 
H.GYAAb GGGAAAGCGAUUUACUCC-C-GGGUAGUUCCGGGGAAACUUGGUUCUACCC--G-GGGGUAGGUCGUUUUUCUCU 
H.GYAAc GGGAAAGCGAUUUACUCU-C-GGGUAGUUCCGGGGAAACUUGGUUCUACCC--G-GGGGUAGGUCGUUUUUCUCU 
H.GYAAd GGGAAAGCGAUUUACUCU-C-GGGUAGUUCCGGGGAAACUUGGUUCUACCC--G-AGGGUAGGUCGUUUUUCUCU 
H.GYgAmut GGGAAAGCGAUUUACUCUAG-UGGUAGUUCCGGGGAAACUUGGUUCUACCU--CUGGGGUAGGUCGUUUUUCUCU 
H.GYgA1 GGGAAAGCGAUUUACUCUAG-AGGUAGUUCCGGGGAAACUUGGUUCUACCU--CUGGGGUAGGUCGUUUUUCUCU 
S8Tt GGGAAAGCGAUUUACUCUGCGGGGUAGUUCCGGGGAAACUUGGUUCUACCCUACGGGGGUAGGUCGUUUUUCUCU 
S8Tt1 GGGAAAGCGAUUUACUCGGCGGGGUAGUUCCGGGGAAACUUGGUUCUACCCUACGCGGGUAGGUCGUUUUUCUCU 
S8Tt2 GGGAAAGCGAUUUACUCCGCGGGGUAGUUCCGGGGAAACUUGGUUCUACCCUACGGGGGUAGGUCGUUUUUCUCU 
S8Tt3 GGGAAAGCGAUUUACUCCGCGGGGUAGUUCCGGGGAAACUUGGUUCUACCUUACGGGGGUAGGUCGUUUUUCUCU 
S8Tt4a GGGAAAGCGAUUUACAGUGCGGGGUAGUUCCGGGGAAACUUGGUUCUACCCUACGGCUGUAGGUCGUUUUUCUCU 
S8Tt5 GGGAAAGCGAUUUACUCUGCGGGGUAGUUCCGGGGAAACUUGGUUCUACCCAACGGGGGUAGGUCGUUUUUCUCU 
S8Tt6 GGGAAAGCGAUUUACUCUGCGGGGUAGUUCCGGGGAAACUUGGUUCUACCUUACGGGGGUAGGUCGUUUUUCUCU 
S8Tt7 GGGAAAGCGAUUUACUCUGCGGGGUAGUUCCGGGGAAACUUGGUUCUACCUAACGGGGGUAGGUCGUUUUUCUCU 
S8Tt8 GGGAAAGCGAUUUACUCUGCGGGGUAGUUCCGGGGAAACUUGGUUCUACCCCACGGGGGUAGGUCGUUUUUCUCU 
S8Tt8a GGGAAAGCGAUUUACAGUGCGGGGUAGUUCCGGGGAAACUUGGUUCUACCCCACGGCUGUAGGUCGUUUUUCUCU 
S8Tt9 GGGAAAGCGAUUUACUCUGCGGGGUAGUUCCGGGGAAACUUGGUUCUACCUCACGGGGGUAGGUCGUUUUUCUCU 
P12 GGGAAAGCGAUUUACUCUGCGGGGUAGUUCCGGGGAAACUUGGUUCUACCCAGCGGGGGUAGGUCGUUUUUCUCU 
P12a GGGAAAGCGAUUUACUCUGCG-GGUAGUUCCGGGGAAACUUGGUUCUACC-AGCGGGGGUAGGUCGUUUUUCUCU 
P12b GGGAAAGCGAUUUACUCUGCGCGGUAGUUCCGGGGAAACUUGGUUCUACCCAGCGGGGGUAGGUCGUUUUUCUCU 
P12c GGGAAAGCGAUUUACUCU-CGGGGUAGUUCCGGGGAAACUUGGUUCUACCCAGCGGGGGUAGGUCGUUUUUCUCU 
P12g GGGAAAGCGAUUUACUCUGCG-GGUAGUUCCGGGGAAACUUGGUUCUACC-ACCGGGGGUAGGUCGUUUUUCUCU 
P12n GGGAAAGCGAUUUACUCUGCGGGAUAGUUCCGGGGAAACUUGGUUCUAUCCAGCGGGGGUAGGUCGUUUUUCUCU 
P12.14 GGGAAAGCGAUUUACUCUGCGGGGUAGUUCCGGGGAAACUUGGUUCUACCCACCGGGGGUAGGUCGUUUUUCUCU 
2D ((((((((((((((((((..((((((((..(((((....)))))..))))))..)))))))))))))))))))).. 
H68a1 GGGAAAGCGAUUUACUCCCAGUGGGUAGUUCCGGGGAAACUUGGUUCUACCUAAACGGGGUAGGUCGUUUUUCUCU 
H68a2 GGGAAAGCGAUUUACUCCCAGUGGGUAGUUCCGGGGAAACUUGGUUCUACCCAAACGGGGUAGGUCGUUUUUCUCU 
H68 GGGAAAGCGAUUUACUCUAAACGGGUAGUUCCGGGGAAACUUGGUUCUACCCCAGUGGGGUAGGUCGUUUUUCUCU 
H68.1 GGGAAAGCGAUUUACUCUAAACGGGUAGUUCCGGGGAAACUUGGUUCUACCCUAGUGGGGUAGGUCGUUUUUCUCU 
H68.2 GGGAAAGCGAUUUACUCUAAACCGGUAGUUCCGGGGAAACUUGGUUCUACCCCAGUGGGGUAGGUCGUUUUUCUCU 
H68.5 GGGAAAGCGAUUUACUCUAAACGGGUAGUUCCGGGGAAACUUGGUUCUACCCAAGUGGGGUAGGUCGUUUUUCUCU 
H68.6 GGGAAAGCGAUUUACUCUAAACGGGUAGUUCCGGGGAAACUUGGUUCUACCCACGUGGGGUAGGUCGUUUUUCUCU 
H68.7 GGGAAAGCGAUUUACUCUAAACGGGUAGUUCCGGGGAAACUUGGUUCUACCUAAGUGGGGUAGGUCGUUUUUCUCU 
H68.8 GGGAAAGCGAUUUACUCUAAACGGGUAGUUCCGGGGAAACUUGGUUCUACCUCAGUGGGGUAGGUCGUUUUUCUCU 
H68.9 GGGAAAGCGAUUUACUCUAAACGGGUAGUUCCGGGGAAACUUGGUUCUACCCAGGUGGGGUAGGUCGUUUUUCUCU 
2D ((((((((((((((((((.(((((((((..(((((....)))))..)))))))..)))))))))))))))))))).. 
S8.23 GGGAAAGCGAUUUACUCUAAGGGGGUAGUUCCGGGGAAACUUGGUUCUACCCCUACUGGGGUAGGUCGUUUUUCUCU 
P12d GGGAAAGCGAUUUACUCUGCGGGGGUAGUUCCGGGGAAACUUGGUUCUACCCCAGCGGGGGUAGGUCGUUUUUCUCU 
P12h GGGAAAGCGAUUUACUCUGCGGGGGUAGUUCCGGGGAAACUUGGUUCUACCCCACCGGGGGUAGGUCGUUUUUCUCU 
 
  
5	
Table S2A: TectoRNA loop probes 
In red is the 11nt receptor that recognizes the conserved GAAA tetraloop of the tectoRNA receptor 
construct. 
 
Probes                                                     
2D (((((((((((((((((((..(((((..(((((......)))))..)))))...))))))))))))))))))).. 
GGAA GGGAAAGCGAUUUACUCAUAUGGUAGUUCCGGGGG-AA-CUUGGUUCUACCUAAGUGGGUAGGUCGUUUUUCUCU 
GUAA GGGAAAGCGAUUUACUCAUAUGGUAGUUCCGGGGU-AA-CUUGGUUCUACCUAAGUGGGUAGGUCGUUUUUCUCU 
GCAA GGGAAAGCGAUUUACUCAUAUGGUAGUUCCGGGGC-AA-CUUGGUUCUACCUAAGUGGGUAGGUCGUUUUUCUCU 
GAGA GGGAAAGCGAUUUACUCAUAUGGUAGUUCCGGGGA-GA-CUUGGUUCUACCUAAGUGGGUAGGUCGUUUUUCUCU 
GGGA GGGAAAGCGAUUUACUCAUAUGGUAGUUCCGGGGG-GA-CUUGGUUCUACCUAAGUGGGUAGGUCGUUUUUCUCU 
GUGA GGGAAAGCGAUUUACUCAUAUGGUAGUUCCGGGGU-GA-CUUGGUUCUACCUAAGUGGGUAGGUCGUUUUUCUCU 
GCGA GGGAAAGCGAUUUACUCAUAUGGUAGUUCCGGGGC-GA-CUUGGUUCUACCUAAGUGGGUAGGUCGUUUUUCUCU 
GUAAG-L39 GGGAAAGCGAUUUACUCAUAUGGUAGUUCCGGGGU-AAGCUUGGUUCUACCUAAGUGGGUAGGUCGUUUUUCUCU 
GAUAAG-L39 GGGAAAGCGAUUUACUCAUAUGGUAGUUCCGGGGAUAAGCUUGGUUCUACCUAAGUGGGUAGGUCGUUUUUCUCU 
UUCG GGGAAAGCGAUUUACUCAUAUGGUAGUUCCGGGUU-CG-CUUGGUUCUACCUAAGUGGGUAGGUCGUUUUUCUCU 
 
Table S2B: Sequence of tectoRNA S8_tail for DMS probing 
The 3’ tail complementary to the primer for reverse transcription is highlighted in blue. 
 
S8_tail GGGAAAGCGAUUUACUCUAAGGGGUAGUUCCGGGGAAACUUGGUUCUACCCUACUGGGGUAGGUCGUUUUUCUCUCGAUGUGGAUGCUAUGAUGC 
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Table S3: Constants of equilibrium of dissociation determined by native gel shift assays. 
Values are reported in nM and were estimated as described in the Materials and Methods. 
 
 
Molecule GGAA GUAA GCAA GAGA GGGA GUGA GCGA GUAAG GAUAAG 
 Kd (nM) Kd(nM) Kd (nM) Kd (nM) Kd (nM) Kd (nM) Kd (nM) Kd (nM) Kd (nM) 
H89A 150000 55000 55000 200000 100000 25000 75000 50000 200000 
H89B 150000 40000 100000 200000 200000 200000 200000 200000 200000 
H89A1 150000 27000 100000 200000 200000 200000 200000   
H89A2 23000 570 1003 1975 23000 697 1029   
H89B1 150000 40000 150000 200000 200000 200000 200000   
H89B2 10000 2073 3711 5059 30000 6112 17000   
B7.8 404 31 ± 1 3356 906 1730 110 9314   
S8 138 19 ± 1 786 228 376 81 1462 170 45000 
S8.2 123 209 1389 887 223 736 3006   
S8.3 510 487 2386 617 426 1205 10509   
S8.4 88 147 1140 455 173 340 4652   
S8.5 200 41 ± 11 866 543 360 385 3466   
S8.7 217 60 ± 3 896 210 578 245 1365   
S8.8 331 73 ± 7 1697 1027 752 467 4550   
S8.9 663 111 ± 9 1650 1611 2593 811 8606 10000 35000 
S8.11 1747 21 ± 4 395 1459 2512 1794 1377 314 100000 
S8.12 3622 749 ± 51 3415 6829 6174 8583 200000   
S8.13 226 117 ± 22 467 232 416 177 503   
S8.14 54 7 ± 3 311 106 74 28 352 122 7500 
S8.15 513 26 ± 11 212 280 898 125 788 222 35000 
S8.16 9669 38 314 201 10913 205 9663   
S8.17 316 175 1142 347 981 228 479   
S8.18 1264 357 1671 2000 720 462 720   
S8.19 58 1 360 162 204 62 1202 265 4303 
S8.20 40000 530 775 4110 40000 991 4000   
S8.21 2150 1350 40000 15000 15000 40000 200000   
S8.22 677 42 950 1500 2225 710 3500   
S8.23 2248 133 1000 1660 8000 360 9500   
S8.24 50000 631 2850 200000 200000 50000 50000   
S8.25 3029 644 50000 10000 15000 15000 50000   
S8.26 900 55 1731 10139 4572 3636 50000   
S8.27 1311 1237 28000 45000 25000 40000 100000   
S8.28 372 477 2056 1576 1576 1576 15000   
S8a1 3285 358 20000 40000 20000 20000 40000 12000 200000 
S8a2 293 220 1041 1427 961 498 2548 7831 200000 
hGYAA 40000 404 750 1412 40000 1251 3158 30000 200000 
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hGYAAb 22000 900 1251 3073 22000 1989 4800   
hGYAAc 27000 1949 2652 5677 22000 3533 7377   
hGYAAd 26000 1227 2492 5330 28000 3540 6400   
hGYgAm 2740 950 2010 1825 8240 1825 7115   
hGYgA1 100000 8805 5320 200000 200000 8800 9100   
S8Tt 44 5 223 80 80 34 500 214 9000 
S8Tt1 64 70 673 76 114 117 1407   
S8Tt2 100 16 400 200 250 65 530 519 15000 
S8Tt3 1362 121 644 4906 7385 3918 954   
S8Tt4a 45 10 235 103 120 10 360   
S8Tt5 75 37 75 125 37 125 650 250 909 
S8Tt6 1550 90 1550 13318 10500 10500 10500   
S8Tt7 1980 887 1980 1980 5795 2000 12690   
S8Tt8 12315 2060 3314 9508 30000 25000 20000   
S8Tt8a 529 370 1057 1191 865 619 1961   
S8Tt9 20000 10000 100000 200000 100000 200000 200000   
S8Tta 2350 750 2120 2120 4400 2300 4400   
H68 487 688 1479 2512 732 1539 4058   
H68.1 469 96 1718 6021 1095 2966 8101   
H68.2 3679 25000 25000 3067 2168 25000 25000   
H68.5 22 132 1130 300 46 250 2600 413 50000 
H68.6 58 84 390 110 55 156 736   
H68.7 1385 1575 5636 3862 3536 30000 200000   
H68.8 1569 1604 2672 3220 3045 2608 9330   
H68.9 6152 2054 150000 200000 150000 200000 200000   
H68a1 25000 7900 40000 50000 50000 150000 150000   
H68a2 1600 1600 6200 7750 5675 6200 10000   
P12 287 275 315 330 191 275 367   
P12a 50000 15000 30000 100000 25000 25000 30000   
P12b 527 10000 7500 1950 775 15000 15000   
P12c 1850 890 1794 1759 1831 1486 6800   
P12d 15000 734 1684 2000 6900 1900 20000   
P12g 20000 10000 20000 100000 20000 20000 30000   
P12h 100 200 2000 1150 250 800 3300   
P12n 701 465 1577 2102 712 2430 2400   
P12.14 315 48 232 494 261 415 1000   
P12a1 50000 30000 100000 200000 200000 200000 200000   
P12a2 2100 1250 3400 4300 13000 4300 6700   
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Table S4: ∆∆G values in kcal/mol  corresponding to the Kds displayed in table S3. 
Reference for ∆∆G values is 4000 nM.  	
Molecule	 GGAA	 GUAA	 GCAA	 GAGA	 GGGA	 GUGA	 GCGA	 GUAAG	 GAUAAG	
		 ∆∆G	 ∆∆G	 ∆∆G	 ∆∆G	 ∆∆G	 ∆∆G	 ∆∆G	 ∆∆G	 ∆∆G	
H89A	 2.04	 1.47	 1.47	 2.20	 1.81	 1.03	 1.65	 1.42	 2.20	
H89B	 2.04	 1.30	 1.81	 2.20	 2.20	 2.20	 2.20	 2.20	 2.20	
H89A1	 2.04	 1.07	 1.81	 2.20	 2.20	 2.20	 2.20	 		 		
H89A2	 0.98	 -1.09	 -0.78	 -0.40	 0.98	 -0.98	 -0.76	 		 		
H89B1	 2.04	 1.30	 2.04	 2.20	 2.20	 2.20	 2.20	 		 		
H89B2	 0.52	 -0.37	 -0.04	 0.13	 1.13	 0.24	 0.81	 		 		
B7.8	 -1.29	 -2.73	 -0.10	 -0.83	 -0.47	 -2.02	 0.48	 		 		
S8	 -1.89	 -3.01	 -0.91	 -1.61	 -1.33	 -2.19	 -0.57	 -1.78	 1.36	
S8.2	 -1.96	 -1.66	 -0.59	 -0.85	 -1.62	 -0.95	 -0.16	 		 		
S8.3	 -1.16	 -1.18	 -0.29	 -1.05	 -1.26	 -0.67	 0.54	 		 		
S8.4	 -2.15	 -1.86	 -0.71	 -1.22	 -1.77	 -1.39	 0.09	 		 		
S8.5	 -1.68	 -2.57	 -0.86	 -1.12	 -1.35	 -1.32	 -0.08	 		 		
S8.7	 -1.64	 -2.36	 -0.84	 -1.66	 -1.09	 -1.57	 -0.60	 		 		
S8.8	 -1.40	 -2.25	 -0.48	 -0.76	 -0.94	 -1.21	 0.07	 		 		
S8.9	 -1.01	 -2.01	 -0.50	 -0.51	 -0.24	 -0.90	 0.43	 0.52	 1.22	
S8.11	 -0.47	 -2.95	 -1.30	 -0.57	 -0.26	 -0.45	 -0.60	 -1.43	 1.81	
S8.12	 -0.06	 -0.94	 -0.09	 0.30	 0.24	 0.43	 2.20	 		 		
S8.13	 -1.62	 -1.99	 -1.21	 -1.60	 -1.27	 -1.75	 -1.17	 		 		
S8.14	 -2.42	 -3.57	 -1.44	 -2.04	 -2.24	 -2.79	 -1.37	 -1.96	 0.35	
S8.15	 -1.15	 -2.83	 -1.65	 -1.49	 -0.84	 -1.95	 -0.91	 -1.63	 1.22	
S8.16	 0.50	 -2.62	 -1.43	 -1.68	 0.57	 -1.67	 0.50	 		 		
S8.17	 -1.43	 -1.76	 -0.70	 -1.37	 -0.79	 -1.61	 -1.19	 		 		
S8.18	 -0.65	 -1.36	 -0.49	 -0.39	 -0.96	 -1.21	 -0.96	 		 		
S8.19	 -2.38	 -4.66	 -1.35	 -1.80	 -1.67	 -2.34	 -0.68	 -1.53	 0.04	
S8.20	 1.30	 -1.14	 -0.92	 0.02	 1.30	 -0.78	 0.00	 		 		
S8.21	 -0.35	 -0.61	 1.30	 0.74	 0.74	 1.30	 2.20	 		 		
S8.22	 -1.00	 -2.56	 -0.81	 -0.55	 -0.33	 -0.97	 -0.07	 		 		
S8.23	 -0.32	 -1.91	 -0.78	 -0.49	 0.39	 -1.35	 0.49	 		 		
S8.24	 1.42	 -1.04	 -0.19	 2.20	 2.20	 1.42	 1.42	 		 		
S8.25	 -0.16	 -1.03	 1.42	 0.52	 0.74	 0.74	 1.42	 		 		
S8.26	 -0.84	 -2.41	 -0.47	 0.52	 0.08	 -0.05	 1.42	 		 		
S8.27	 -0.63	 -0.66	 1.10	 1.36	 1.03	 1.30	 1.81	 		 		
S8.28	 -1.33	 -1.20	 -0.37	 -0.52	 -0.52	 -0.52	 0.74	 		 		
S8a1	 -0.11	 -1.36	 0.91	 1.30	 0.91	 0.91	 1.30	 0.62	 2.20	
S8a2	 -1.47	 -1.63	 -0.76	 -0.58	 -0.80	 -1.17	 -0.25	 0.38	 2.20	
hGYAA	 1.30	 -1.29	 -0.94	 -0.58	 1.30	 -0.65	 -0.13	 1.13	 2.20	
hGYAAb	 0.96	 -0.84	 -0.65	 -0.15	 0.96	 -0.39	 0.10	
	 	hGYAAc	 1.074	 -0.405	 -0.231	 0.197	 0.959	 -0.070	 0.344	
	 	hGYAAd	 1.053	 -0.665	 -0.266	 0.162	 1.095	 -0.069	 0.264	
	 	hGYgAm	 -0.21	 -0.81	 -0.39	 -0.44	 0.41	 -0.44	 0.32	 	 	
hGYgA1	 1.81	 0.44	 0.16	 2.20	 2.20	 0.44	 0.46	 		 		
S8Tt	 -2.54	 -3.76	 -1.62	 -2.20	 -2.20	 -2.68	 -1.17	 -1.64	 -0.46	
S8Tt1	 -2.32	 -2.27	 -1.00	 -2.23	 -2.00	 -1.99	 -0.59	 		 		
S8Tt2	 -2.07	 -3.10	 -1.29	 -1.68	 -1.56	 -2.32	 -1.14	 -1.15	 0.74	
S8Tt3	 -0.61	 -1.97	 -1.03	 0.12	 0.35	 -0.01	 -0.81	 		 		
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S8Tt4a	 -2.52	 -3.37	 -1.59	 -2.06	 -1.97	 -3.37	 -1.35	 		 		
S8Tt5	 -2.24	 -2.63	 -2.24	 -1.95	 -2.63	 -1.95	 -1.02	 -1.56	 -0.83	
S8Tt6	 -0.53	 -2.13	 -0.53	 0.68	 0.54	 0.54	 0.54	 		 		
S8Tt7	 -0.39	 -0.85	 -0.39	 -0.39	 0.21	 -0.39	 0.65	 		 		
S8Tt8	 0.63	 -0.37	 -0.11	 0.49	 1.13	 1.03	 0.91	 		 		
S8Tt8a	 -1.14	 -1.34	 -0.75	 -0.68	 -0.86	 -1.05	 -0.40	 		 		
S8Tt9	 0.91	 0.52	 1.81	 2.20	 1.81	 2.20	 2.20	 		 		
S8Tta	 -0.30	 -0.94	 -0.36	 -0.36	 0.05	 -0.31	 0.05	 		 		
H68	 -1.18	 -0.99	 -0.56	 -0.26	 -0.95	 -0.54	 0.01	 		 		
H68.1	 -1.20	 -2.10	 -0.47	 0.23	 -0.73	 -0.17	 0.40	 		 		
H68.2	 -0.05	 1.03	 1.03	 -0.15	 -0.34	 1.03	 1.03	 		 		
H68.5	 -2.92	 -1.92	 -0.71	 -1.46	 -2.51	 -1.56	 -0.24	 -1.28	 1.42	
H68.6	 -2.38	 -2.17	 -1.31	 -2.02	 -2.41	 -1.82	 -0.95	 		 		
H68.7	 -0.60	 -0.52	 0.19	 -0.02	 -0.07	 1.13	 2.20	 		 		
H68.8	 -0.53	 -0.51	 -0.23	 -0.12	 -0.15	 -0.24	 0.48	 		 		
H68.9	 0.24	 -0.37	 2.04	 2.20	 2.04	 2.20	 2.20	 		 		
H68a1	 1.03	 0.38	 1.30	 1.42	 1.42	 2.04	 2.04	 		 		
H68a2	 -0.51	 -0.51	 0.25	 0.37	 0.20	 0.25	 0.52	 		 		
P12	 -1.48	 -1.50	 -1.43	 -1.40	 -1.71	 -1.50	 -1.34	 		 		
P12a	 1.42	 0.74	 1.13	 1.81	 1.03	 1.03	 1.13	 		 		
P12b	 -1.14	 0.52	 0.35	 -0.40	 -0.92	 0.74	 0.74	 		 		
P12c	 -0.43	 -0.84	 -0.45	 -0.46	 -0.44	 -0.56	 0.30	 		 		
P12d	 0.74	 -0.95	 -0.49	 -0.39	 0.31	 -0.42	 0.91	 		 		
P12g	 0.91	 0.52	 0.91	 1.81	 0.91	 0.91	 1.13	 		 		
P12h	 -2.07	 -1.68	 -0.39	 -0.70	 -1.56	 -0.90	 -0.11	 		 		
P12n	 -0.98	 -1.21	 -0.52	 -0.36	 -0.97	 -0.28	 -0.29	 		 		
P12.14	 -1.43	 -2.49	 -1.60	 -1.18	 -1.53	 -1.27	 -0.78	 		 		
P12a1	 1.42	 1.13	 1.81	 2.20	 2.20	 2.20	 2.20	 		 		
P12a2	 -0.36	 -0.65	 -0.09	 0.04	 0.66	 0.04	 0.29	 		 		
 
 	
10	
C. Supplemental Figures 
 
C.1. Figure legends (SI)  
 
Figure S1: TectoRNA dimer self-assembly assay and GNRA selectivity profiles. (A) Schematic of 
the self-assembly reaction: heterodimer consists of two hairpin tectoRNAs interacting via two separate 
loop/receptor interactions. The GAAA/11nt interaction, which is held constant, acts as an anchor (in 
red). The experimental receptor localized at the level of the turquoise region is tested for its ability to 
recognize the GNRA tetraloop (excluding GAAA) of the tectoRNA probe. Dimerization occurs upon 
addition of Mg2+. (B) Typical titration assay on native PAGE at 10°C and 15 mM Mg2+ used for 
determining the equilibrium constant of dissociation, Kd. Experiment shown is for the tectoRNA S8.14 
with the GUAA probe at various equimolar concentrations of RNA (see materials and methods). (C) Gel 
mobility patterns of specificity of GNRA recognition obtained by native PAGE gel shift assay at 10°C 
and 15 mM Mg2+. Heterodimer formation between a P32 labeled tectoRNA, containing a receptor of 
interest (e.g. shown is B7.8) and a constant GAAA tetraloop, is tested in presence of tectoRNA probes 
with different GNRA tetraloops (and the same 11nt anchor) at three different concentrations of RNA 
(typical RNA concentrations used for determining selectivity profiles varied between 50 nM to 15000 
nM). The mobility of the dimer band can vary continuously with concentration, in the concentration 
range where significant populations of each form exist in solution, indicating a dynamic equilibrium 
between monomer and dimer forms. The dashed line indicates the maximum extent of dimerization, 
which can be used to extrapolate the concentration at which 50 percent of dimers are formed. These 
patterns are used to derive GNRA selectivity profiles such as the one of B7.8 shown in (D). The 
corresponding colored barcode is indicated for B7.8: it is indicative of the relative stability of each 
loop/receptor interaction at 10°C in presence of 15 mM Mg(OAc)2, with 0 kcal/mol corresponding to a 
Kd of 4000 nM (see delta-delta G values scale). (E) Values of kcat/Km obtained for a group I intron 
with different combinations of GNRA binding to B7.8 (see ref. (5)). These values correlate well with the 
GNRA selectivity profile shown in (D). 	
Figure S2: Comparison of the platforms of S8-like and P12-like receptors. (A) 2D schematics 
illustrating the way GNRA tetraloops and/or U turn terminal loops can interact with S8-like and P12-
like platforms in order to form A minor interactions (shaded in violet). For the symbols of base-pair 
interactions, see legend of Figure 1. Type 1a platform involves a dinucleotide sequence that interacts 
side-by-side via a cis hoogsteen:shallow-groove (H:S) interaction. Type 2a platform is a single 
nucleotide platform that interacts with the base pair directly adjacent to it, through a cis H:S bp 
interaction. The tWH platform is a dinucleotide sequence where the platform is stabilized by the 5’ 
nucleotide interacting with the second base pair in a trans Watson Crick: hoogsteen (W:H) orientation. 
The type 3a platform involves a single nucleotide interacting the second base pair via a cis H:S bp 
interaction. (B) 2D schematics of the various loop-platforms interactions studied within the tectodimer 
context. When forming a type I/IIa A minor interaction between the third and fourth nt positions of the 
GNRA and the receptor W:W bps shaded in violet; (a) a base-base stacking occurs between the second 
nucleotide of a GNRA tetraloop and the type 1a platform;  (b) a base-ribose stacking occurs between the 
second nucleotide of a GNRA tetraloop and the type 2a platform; (c) a base-ribose stacking occurs 
between the second nucleotide of a GNRA tetraloop and the type 3a platform. (d) The tWH platform can 
accommodate a base-base stack but only with U-turn terminal loops (like the tri-loops with H68) that 
can form the type I/IIa A minor interaction between the second and third nt positions of the UNR 
submotif of the loop and the two W:W bps shaded in violet. (e) In the tectoRNA dimer context, when 
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interacting with a tWH platform, a GNRA tetraloop cannot be positioned likewise as a steric clash 
occurs between the platform and the second nt position of the GNRA tetraloop when its third and fourth 
nt positions are involved in the A minor interaction with the two W:W bps shaded in violet. (f) 
Structural flexibility with the tectodimer can possibly accommodate a GNRA tetraloop, by shifting 
downward the receptor by one base pair. However, this would eliminate the stacking interaction. (C) 3D 
stereo images of the molecular models of the interactions displayed in (B). 
	
Figure	S3:	Structural	examples	of	platforms	in	2x_bulge	modules	from	atomic	structures	of	
RNA.	(A,B)	In	2x_bulge	modules,	two	bulging	nucleotides	from	two	different	platforms	are	stacked	on	one	another	and	interact	with	the	deep	groove	of	the	central	bp	doublet.	(A)	S8-like	2x_bulges:	two	 WC-2’OH	 contacts	 lock	 the	 two	 platforms	 to	 one	 another.	 Note	 that	 H89	 belongs	 to	 this	category	of	2x_bulges.	 (B)	P12-like	2x_bulges:	 the	bulging	nucleotides	are	 stacked	 in	a	 reversed	fashion	in	comparison	to	S8-like	2x_bulges,	and	their	bases	form	base-phosphate	contacts	rather	than	WC-2’OH	 contacts.	 (C)	 Structural	 alignment	 of	H89_Tt	 and	 S8_Ec	 2x_bulges	 demonstrating	that	 these	 two	modules	 are	 belonging	 to	 the	 same	 family	 of	 S8-like	 2x_bulges.	 The	 root	 mean	square	deviation	(RMSD)	between	the	ribose/phosphate	backbones	of	the	two	atomic	structures	was	 calculated	 using	 Pymol	 (6).	 (D)	 Type	 1a	 platforms	 from	 S8-like	 2x_bulges.	 (E)	 Type	 2a	platforms	from	S8-like	2x_bulges.	(F)	Type	3a	platforms	from	P12-like	2x_bulges.	 	(G)	Type	tWH	platforms	 from	P12-like	 2x_bulges.	 Note	 that	 the	 type	 2a	 platform	 from	 S8	 Tt	 and	 S8	 Ec	 share	sequence	similarities	with	the	type	3a	platform	from	P12	Tt	and	H68	Sc,	respectively.		
Figure S4: Re-engineering the H89/L39 interaction into more stable variants with S8-like and P12-
like receptors. (A) Selectivity profiles of H89/loop interactions are shown as colored barcodes for 
receptors tested against GNRA (except GAAA), GUAAG and GAUAAG loops. Colors are indicative of 
the relative stability of each loop/receptor interaction at 10°C in presence of 15 mM Mg(OAc)2, with 0 
kcal/mol corresponding to a Kd of 4000 nM (see Materials and Methods). Variations at specific 
nucleotide positions are indicated on the left. Sub-modules in the receptor include the A minor stem and 
the type 2a and type 1a platforms. In the natural H89/L39 interaction, the proximal platform in contact 
with L39 is the type 2a platform. (B) Selectivity profiles of variants of S8-like and P12-like interactions 
with proximal type 2a and type 3a platforms. (C) Selectivity profiles of variants of S8-like and P12-like 
interactions with proximal type 1a and type tWH platforms. (D) Selectivity profiles of variants with 
different length of the A-minor stem. (E) Bar graphs with fold improvements in GNRA binding affinity 
for the S8 and S8Tt constructs versus H89A2 (Top) and versus H89B2 (Middle). (Bottom) Fold 
improvements for receptors with proximal type 1a platform (S8 and S8Tt) versus receptors with 
proximal type 2a platform (S8a2 and S8Tta). S8 and S8Tt are the horizontally flipped sequences of S8a2 
and S8Tta, respectively. 	
Figure S5: Detail of the crystal structure of the L39/H89 interaction from the 28S rRNA of S. 
cerevisiae shows the coordination of an ion between L39 and H89. The coordination of this ion 
(possibly a potassium ion) is apparently facilitated by the presence of a G:U bp at X11:X3 suggesting 
that magnesium might contribute to an increase of selectivity towards GUAA versus the other GNRA 
loops in the context of the wild type L39/H89. Nucleotides in red on the secondary structure diagram are 
those displayed on the stereographic image (from pdb_ID: 3u5d). In the 3u5d structure, the coordinated 
ion is labeled as a Mg2+. However, it is noteworthy that the coordination pattern corresponds more likely 
to a monovalent ion like potassium (7). 	
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Figure S6: A G:U bp at X11:X3, instead a G:C bp, increases the selectivity of recognition of 
GUAA versus most other GNRA loops in the context of most constructs tested. Kds and GNRA 
selectivity profiles for all tectoRNA constructs tested for position Y(3) being either C or U. At the 
exception of S8, this increase of selectivity is followed by a decrease of affinity for the cognate loop. 
However, few constructs change their specificity from another loop to GUAA. All data were obtained as 
described in the Materials and Methods in presence of 15 mM Mg2+ and 10°C. 	
Figure S7: Varying the length of the A minor stem and removal of the proximal and distal bulges 
dramatically affect binding. (A) Schematic of the variants of S8, P12 and P12.14 tested at 10°C in 
presence of 15 mM Mg(OAc)2. (B) GNRA selectivity profiles for the variants represented in (A). 	
Figure S8: Modulation of binding affinity and loop selectivity through point mutations in S8-like 
and P12-like nucleotide platforms. (A) Effect of sequence variations in the proximal type 1a and tWH 
platforms of S8-like and P12-like receptors. The non-redundant occurrence of cis HS bps found within 
ribosomal RNAs (8) is indicated on the left. Colored barcodes are indicative of the relative stability of 
each loop/receptor interaction at 10°C in presence of 15 mM Mg(OAc)2, with 0 kcal/mol corresponding 
to a Kd of 4000 nM (see Material and Methods). (B) Effect of sequence variations in the distal type 2a 
platforms of S8-like receptors at 10°C in presence of 15 mM Mg(OAc)2. 	
Figure S9: 2x_bulges modules are metastable. (A) The S8 receptor is metastable in absence of GUAA 
target as revealed by DMS chemical probing of the S8 receptor within the context of the tectoRNA 
construct without and with GUAA probe (shown on the left). (right) A typical gel of 32P-labeled reverse 
transcription products of DMS-modified RNA separated on 8% polyacrylamide gel (see Materials and 
Methods and Supplemental Information). Conditions of chemical modifications were: 15mM 
Mg(OAc)2, 18°C, no DMS, (+) 30 mM DMS, (++) 60 mM DMS. (B) Alternative structures resulting 
from nucleotide sequences localized in the 3’5’ distal stem of the tectoRNAs can prevent efficient 
binding of GNRA probes. While both S8Tt and S8Tt8 can have their 2x_bulge receptor folding into an 
alternative helical structure, the alternative structure of S8Tt8 is stable enough for preventing the 
2x_bulge to form. When mutations are introduced into the 3’5’ distal stem to prevent formation of this 
alternative structure, S8Tt8a displays improved affinities for all loops with a GNRA selectivity profile 
resembling the one of H68. (C) Comparison of GNRA selectivity profiles for S8Tt, S8Tt4a, S8Tt8 and 
S8Tt8a at 10°C in presence of 15 mM Mg(OAc)2. 
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